Background: Soft tissue lesions represent a health problem of great magnitude around the world. Multiple drugs have been used in their treatment. Silver sulfadiazine (SSD) and silver nanocrystals (SNC) are among the most used. The purpose of this research was to compare the effectiveness of SSD and SNC regarding the wound granulation rate, treatment time, antibiotic effect, and treatment cost and to determine the frequency of these lesions in participants of this research. Methods: Data were collected from 50 patients with soft tissue lesions in the Regional University Hospital José María Cabral y Báez (HRUJMCB), in Santiago, Dominican Republic. This study was approved by the bioethics committee of the Pontifical Catholic University Madre and Maestra (PUCMM) and the HRUJMCB. Patients were followed up from August 2015 to February 2016. SPSS Statistics program was used to calculate Chi square and assess statistical significance. Results: Fifty patients were included in this study, of whom 56% had diabetic foot ulcers, 22% had vascular ulcers, and 22% had pressure ulcers. In total, 42% of the patients were treated with SSD and 58% with SNC. Granulation rate was 71.4% for SSD and 89.6% for SNC, and positive antibiotic effect was 15.9% for SSD and 25.9% for SNC. A total of 14.4% of patients treated with SSD ended their participation in the research between 8 and 14 days, 37.9% in 15-21 days, and 42.8% in ≥21 days. For SNC, 3.4% of patients concluded their participation in 0-7 days, 34.4% in 8-14 days, 37.9% in 15-21 days, and 24.1% in ≥21 days. The distribution of economic costs in the SSD group was as follows: 42.9%, 57.2%, while in the SNC group, the distribution was as follows: 48.2%; 48.3%; 3 .4%. Conclusion: There is no statistical significance in the results of this study; however, in percentage, SNC are superior regarding the rate of wound granulation, antibiotic effect, and healing time. Economic cost for both is similar.
Introduction
Soft tissue lesions constitute a group of clinical entities that affect a large segment of the hospital population in the Dominican Republic, as well as people who are not admitted to a specific health center but assist to the general surgery consults of various health centers in the nation. The most morbid among this group of complex wounds are vascular ulcers (both arterial and venous), pressure ulcers, and diabetic foot ulcers.
Unlike other wounds, the aforementioned types occur on tissues with underlying conditions and involve an inflammatory stage that extends over time. This makes treatment challenging and usually requires a multidisciplinary team to address the submit your manuscript | www.dovepress.com
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Tineo et al management of these lesions as well as the combination of agents for the best progression of these injuries. For several decades, silver has been recognized for its antibiotic effectiveness and for its ability to remove devitalized tissue and to promote an ideal environment for wound healing; two particular formulas based on silver have taken the lead in the treatment of soft tissue injuries, silver sulfadiazine (SSD) and silver nanocrystals (SNC). 1, 2 Several recent investigations have shown the effectiveness of treatment with both nanocrystals and sulfadiazine. In fact, there have been some studies that have shown benefits on the use of these silver-based compounds over other preparations such as iodine not only with respect to wound granulation but also regarding their antibiotic effects against some specific microorganisms such as Staphylococcus aureus, Streptococcus pneumoniae, and Pseudomonas aeruginosa, with a very low rate of side effects. [3] [4] [5] [6] [7] [8] However, other studies have questioned these results, after comparing the effectiveness of silver-based compounds with other commonly used drugs. 9, 10 The purpose of this investigation was to determine the most frequent soft tissue lesions and to compare the effectiveness of nanocrystals and SSD with regard to the rate of granulation of wounds, the antibiotic effect, the duration of treatment, and the economic cost.
Methods
Study design
This study was approved by the bioethics committee of the Mother and Master Pontifical and Catholic University (PUCMM) and the Regional University Hospital José María Cabral y Báez (HRUJMCB) in Santiago, Dominican Republic. The research corresponded to a prospective, longitudinal study of primary and secondary source that compared the effectiveness of SNC and SSD with regard to the wound granulation rate, the antibiotic effect and the duration of treatment of the lesions in the study participants using either drug. The study also investigated the most frequent type of soft tissue lesion, the average economic cost per patient with one or the other drug, recruiting participants and analysis of the results occurred during the period of August 2015 to February 2016.
Fifty patients were included in the research who were afflicted with vascular ulcers, pressure ulcers, or diabetic foot ulcers. They were randomly assigned to one of the two groups. The inclusion criteria were patients who had vascular ulcers, pressure ulcers, or diabetic foot ulcers. All patients were ≥18 years old and provided their written informed consent to participate in this study. Exclusion criteria were patients who had a previous allergic reaction to silver compounds and who were <18 years. Patients with immune disorders and those with lesions for >6 months were also excluded.
Patients in the SSD group received treatment every 24 hours. Patients in the SNC group had dressing changes every 7 days. Both types of dressings were generic compounds that are found commonly in drug stores, with similar side compounds such as fatty acids, triglycerides, and alcohols; the exactly same formulation of the dressings was used for every patient in each group. Lesion treatments were performed by cleaning the wounds with 10 cc of saline solution 0.9% and dressing changes every 24 hours in the SSD group and weekly in the SNC group, as well as local debridement was performed in cases that required it. Some parameters were reviewed during each dressing change, such as size of the wound, presence of purulent secretions and presence of granulation tissue; these parameters were evaluated weekly in both groups and compared with the ones obtained the week before to assess the effect of the intervention. A culture of the lesion was taken before the beginning of the intervention and at the end of the intervention to evaluate the antibiotic effect. The final point of participation in the study was, when the wound was completely granulated or after the patient had been included in the research for 28 days or more, whether the wound was granulated or not. Granulation was determined clinically by observing the wound completely covered by granulation tissue using the criteria of a specialist in general surgery, who was always the same.
The program SPSS statistic version 23.0 (IBM Corporation, Armonk, NY, USA) was used to calculate the Chi square for each variable to assess the statistical significance.
Variable definition
In this research, five variables were measured. 1) The most frequent type of lesion; this corresponded to the number of participants who had each type of lesion.
2) The granulation rate of the lesion that represented the percentage of patients in whom the lesion presented complete granulation for each drug used. 3) The variable antibiotic effect represented the percentage of patients whom in the initial culture tested positive for a microorganism, but later in the final culture tested negative secondary to the use of either drug. 4) The duration of treatment corresponds to the period of time between the start of patients in the study and completion of the research either because the lesion was completely granulated or because they had overpassed the 28 days of treatment. 5) The economic cost is the average of money spent on the treatment of each patient during their participation in the study; this was calculated by the number of dressings by its individual price in Dominican pesos and in USD, days of hospitalization 
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Effectiveness of SNC and SSD in soft tissue lesions and other parameters were not used for this variable just the net price of the dressings in both groups.
Results
A total of 56% (n=28) of patients were found to have diabetic foot ulcers, 22% (n=11) had vascular ulcers, and 22% (n=11) had decubitus ulcers. Table 1 shows the frequency distribution in further detail.
Granulation rate
In total, 42% (n=21) of the study participants were treated with SSD, in 71.4% (n=15), the lesion granulated, while in 28.6% (n=6), the lesion did not present granulation tissue. In the SNC group, 89.6% (n=26) of the lesions presented granulation tissue, while 10.2% (n=3) of the same did not present granulation tissue; P=0.66, which implies that there is no statistical significance between these results. However, from the percentage point of view, there is superiority in this variable for the SNC compared to SSD. Table 2 shows the granulation rate for each type of lesion broken down according to each drug used in this research.
Antibiotic effect
For the SSD group, the antibiotic effect was 15.9% (n=3). It should be noted that in this group, the percentage calculation of the antibiotic effect was based on 19 patients, as from the 21 patients who originally had started treatment with SSD, two ended up being amputees, and final culture was not made so the drug action regarding the variable in question could not be assessed. For the SNC group, the antibiotic effect was 25.9% (n=7); in this case, the percentage calculation was performed based on 27 patients, because two of the 29 patients in this group had negative initial culture and they were not taken into account when assessing the antibiotic effect for this drug. The P-value for this variable was 0.35. From the percentage point of view, there was remarkable superiority of SNC compare to SSD. Table 3 shows the difference in more detail. Table 4 , ranges of treatment time observed in each lesion and drug used in each group are presented.
Economic cost
With regard to economic cost, this variable was measured for each group of drugs; it was observed that for SSD, 42.9% (n=9) completed treatment with an amount spent on the drugs between 0 and 1000 pesos (USD0-22), while 57.2% (n=12) spent between 1001 and 3000 pesos (USD22-66).
In regards for SNC treatment, 48.3% of patients completed treatment with spending between 0 and 1000 pesos (USD0-22) (n=14), 48.2% spent between 1001 and 3000 pesos (USD22-66) (n=14), and 3.4% spent between 3001 and 5000 pesos (USD66-110) (n=1), P=0.17. From these results, it is evident that in 100% (n=21) of patients treated with SSD, the cost of treatment was <3000 pesos (USD66), while in the SNC group, 96.5% (n=28) of patients completed treatment with an economic cost <3000 pesos (USD66), this does not reflect a significant difference between either drug in regards to the cost of treatment; however, it should be noted that these calculations only include the net cost of the drugs without counting the cost of the material used for performing the treatments nor the cost of debridements when needed. In Table 5 , percentage values of each range of economic cost per lesion are presented for each group of drug.
Discussion
During the review of national and international literature, no research comparing directly the relationship between SSD and SNC treatment was found, in particular in soft tissue injuries that were evaluated in this study; however, comparisons were made between the results of this research with other studies with similar characteristics. This study showed that in analyzing the effect of the drug in each type of lesion studied for each particular 
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Effectiveness of SNC and SSD in soft tissue lesions treatment, the percentage of the total granulation was 89.6% for SNC vs 71.4% for SSD, which shows that the performance of SNC was superior in the above variable. These findings are consistent with other studies; Klippstein et al 11 in Spain showed the benefits of SNC in the reduction of inflammation, while Venkataraman and Nagarsenker 12 in India demonstrated that SNC had better performance compared to SSD with respect to healing wounds, mainly by the favorable environment generated around them. Likewise, Tian et al 1 in China argued that the SNC promoted wound healing and modulated the inflammatory process by controlling the release of cytokines.
1 However, the above mentioned findings run counter to those of StormVersloot et al in the Netherlands, who concluded that there was insufficient evidence to show that compounds based on silver contributed to the healing of wounds. They did recognize the need to perform further investigation tasks related to this topic. 9 With respect to the antibacterial effect, we found that SNC had a positive antibacterial effect in 25.9% of patients, while SSD had positive antibacterial effect in 15.9% of patients. This represents a percentage difference of 10.1% in favor of SNC. This coincides with the findings by Miller 13 in Australia, who stated that SNC eliminates contamination of wounds in less time than other silver-based compounds, thus promoting faster healing of wounds. Our findings are also similar to those published by Lara et al 14 in the United States, which recognized the antibacterial and antiviral potential of SNC, as well as those findings by Murphy and Evans 15 also in the United States, who found that SNC have better antibiotic effect than SSD, especially against particular microorganisms. Furthermore, the data presented in this study are similar to Mohajeri-Tehran et al 16 in Iran; these investigators found evidence of antibiotic effect from SNC in patients with diabetic foot ulcers; Sütterlin et al 17 in Sweden concluded that the compounds based on silver, including SNC and SSD, are useful in neither eradicating microorganisms that colonize chronic wounds nor in preventing colonization of them. Other studies have also proved that the antibiotic effect of silver-based compounds is due to their good penetration into tissues, their safety and decreased healing time, as well as the low rate of microbial resistance related to them; however, regarding safety, some rare cases of hepatotoxicity and skin lesions have been reported. [18] [19] [20] [21] 22 With regard to the treatment time, it was found that 75.7% of all patients treated with SNC presented wound granulation in <3 weeks, while in the case of the SSD, 57.3% granulated <3 weeks, demonstrating a substantial difference of 18.8% between the two drugs, demonstrating that the performance of SNC is higher than SSD in the time of treatment of soft tissue injuries. These findings are consistent with those reported by Woung and Liu 8 in China, who found that SNC promoted wound healing more quickly than other silver-based compounds, primarily modulating the inflammatory process around the ulcer treatment. The results of this presentation also corroborated with those of Miller 13 in Australia, where it was shown that the SNC had a rate of healing of wounds faster than other preparations based on silver, including SSD. Likewise, Li et al 21 in China corroborated the findings of this study to establish that SNCs are more effective than other compounds based on silver, including SSD, as they accelerate the healing process and thus, promote faster healing wounds, mainly because they do not affect fibroblast function. 23, 24 With regard to economic cost, 100% of patients treated with SSD cost <3000 Dominican pesos (<USD66), compared to the SNC, in which 96.6% of patients ended the study under 3000 Dominican pesos (<USD66), which shows no significant difference in the economic cost in either medication; however, this discussion only included the net cost of the drug, without counting the necessary disposable material, because of the need to treat patients with SSD every 24 hours, the overall cost of treatment is increased somewhat more than the SNC since in the latter group the patients were treated once a week. These data are supported by the provisions of Silva et al 25 in Brazil, who determined that treatment with SNC reduces the hospital stay of patients compared with management based on SSD, as well as the use of the SNC decreased the amount of dressings needed to heal wounds in comparison to SSD; this clearly resulted in a lower economic cost in patients who were treated with SNC.
MacGregor et al in England established similar findings to that observed in this investigation in that the compounds based on silver are affordable to the general population for the management of soft tissue injuries because they reduce economic spending in comparison with drugs of other class, particularly because they decrease the time necessary for wound healing and hospital stay, the frequency of dressing changes, and also because it reduced the need for analgesics during treatment. All of these factors added in final terms minimizes the economic cost required for the treatment of soft tissue injuries. 26 Finally, in relation to economic cost, Miller 13 in Australia demonstrated a 33% reduction of total cost of the management of chronic wounds treated with SNC compared to the SSD, mainly because dressing changes was performed every 3-4 days, while in the case of the SSD, it was made daily. 
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Conclusion
The results obtained in this research have no statistical significance; however, the data obtained from this study from a percentage point of view showed that treatment based on SNC was superior by improving the likelihood of granulation of soft tissue injuries, had a higher antibiotic effect and shorter duration of treatment, and was without an increase in net economic costs. In this investigation, we could not establish superiority for either drug regarding the economic cost. What is clear though, is that both options seem to be effective in managing vascular ulcers, diabetic foot ulcers, and pressure ulcers and are also accessible to the general population and health care institutions.
Limitations
There were some limiting factors that we had to deal with during this investigation that are very important to mention: due to low socioeconomical status in the population where the research was held, many patients in this study could not finish it because of their lack of adherence to the interventions schedule, so the sample had to be reduced to a number of just 50 patients. Another important limiting factor was that because of the same reason aforementioned about socioeconomical issues, the nutrition level of the patients included in this investigation was very low, and since nutrition level is very important for wound healing we do not know exactly what the impact of our interventions in a well-nourished population, such as in developed countries, would be. 
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